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(71) We, "FOKKER-VFW" N.V. a 
company registered under the Laws of The 
Netherlands, of Schiphol-Oost, The Nether- 
lands, do hereby declare the invention, for 
5 which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particulariy described in 
and by the following statement: — 

This invention relates to fire-retardant 

10 polyester moulding compositions and to 
articles made therefrom. 

Poljrester moulding compositions generally 
comprise a mixture of an unsaturated poly- 
ester with an unsaturated monomer copoly- 

15 merisable therewith, to ^ch may have 
been added a polymerisation catalyst, an 
accelerator and occasionally fillers, rem- 
forcement fibres, colorants and other con- 
vential additives. The combustability of 

20 such compositions, and of the articles made 
therefrom, is frequently reduced by adding 
chlorinated paraffins and/or aromatic phos- 
phoric acid esters thereto. For the same 
purpose, chlorine may be chemically incor- 

25 porated in the unsaturated polyester com- 
ponent before forming the composition. 

Adding such additives to moulding com- 
positions has meant that the articles made 
from the moulded and cored compositions 

3" are more or less self-extinguishing or flame- 
resistant when exposed* to fire. Nevertheless 
and m view of the ^eat variety of uses for 
such articles, there is a constant need for 
polyester moulding compositions and poly- 

35 ester resin articles having unproved fire- 
ratardant characteristics. 

It has now been found that polyester resin 
articles may be rendered fire-retardant to a 
hi^ degree by mcorporating in their mould- 
[Price 25 p] 



ing compositions a combination of three 40 
materials : a source of carbon, a source of 
pftosphonc acid and a source of non- 
wflammable gases. When the articles made 
from sudi compositions are exposed to high 

will supcrfiaaUy give rise to the production 
of bubbles and foam, tkus rcsultmg in a 
multicellular foam layer at their ^irfece 
and sudi a foam layer will isolate the 
underlymg parts of the article from com- 50 
t>ustion. 

In accordance with the invention, there- 
fore, there is provided a polyester moulding 
composition comprising an unsaturated 
polyester, an unsaturated monomer copoly- 55 
mwisabie tiierewitii. a phosphate material 
Which yields phosphoric acid on thermal 
oecomposmon, a carbon-containing material 
contammg radicals which enter into an 
estenfication reaction with phosphoric acid, 60 
havmg a decomposition temperature above 
that of the phosphate matenal. and whidi 
when heated with the phosphate inateriaL 
produces carbon, and a material which 
yi^ds a non-inflamable gas when heated. 65 
. In a further aspect of the invention, there 
IS provided fire-retardant shaped articles 
consisting partially or completely of a resin 
material formed by curing a polyester com- 
position according to tiie invention. 70 

A combmation of the three aforesaid 
materials has previously been used in paints 
(and are known as intumescent coating), 
but Iheu: use in polyester moulding compo- 
sitions and consequently 4heir use thron&i- 75 
out the naass of a polyester resin has n^ 
previously hoen proposed. 

In the moulding compositions of the in- 
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vention, any combination of unsaturated 
polyester and imsatarated copolymerisable 
monomer may be used. Furthennore, any 
conunerdal type of polymerisation catalyst, 
5 accelerator, fillers, reinforcement fibers, or 
other Jadditives may be added if desired. 
The presence of a proportion of chlorine in 
^ the:polyester component, for instance if this 
component comprises hexachloro endo- 
1 0 niethylene ^tetrahydrophtalic acid (HET-acid 
or^~<£ld)oendic.acidX- is not objectionable 
and may even be advantageous. 

The carbon-containing material used in 
the invention is generally a material contain- 
15 ing radicals capable of entering into an 
esterification reaction with ^osphoric acid. 
The material has a high carbon content and 
decomposes at a higher temperature than 
the phosphate materiai. Typicd examples of 
20 carbon-containing materials are starch, 
casein, and polyhydric alcohols sudi as 
pentaerjTtritoL Mono-, di- and tripenta-eiy- 
tritol and mixtures thereof are preferred. 
The phosphat e m aterial may be any 
25 material which decomposes at a lower tem- 
peiatuie than the carbon-containing material 
Iheiel^ generating phosphoric acid. Typical 
examples ,are ammoniuna orthophosphate 
and polyphosphoryl phosphate. The pre- 
30 ferred phosphate material is a commercially- 
available nitrogen-containing polymer phos- 
phate which comprises more phosphoric 
acid than other similar materials and which 
is moreover water-insoluble. 
35 The material whidi yields a non-inflam- 
mable gas is generally a mixture of two 
substances having different decomposition 
temperatures (for identification purposes 
these two sul^tances will be termed as hav- 
40 ing "high" and "low" decomposition tem- 
peratures, respectively). The substance of 
low decomposition temperature is preferably 
an amine or amide, such as dicyanodiamide. 
urea, melamlne, or guanidine, and the sub- 
45 stance of high decomposition temperature is 
preferably a chlorinated hydrocarbon such 
as chlorinated naphthalene. Tbe substance 
of high decomposition temperature may be 
omitted partially or completely from the 
50 moulding comjposltion if chlorine is -incor- 
porated chMically in the polyester com- 
ponent. 

The concentrations of the various 
materials in the polyester moulding com- 

55 positions, as well as their mutual ratios are 
not critical The time and sequence of add- 
ing these materials to the other components 
of the composition is not essential, although 
it is preferred to incorporate the carbon- 

60 contaim'ng material, the phosphate material 
and the material which yields a non-inflam- 
mable gas prior to admixing the catalyst 
and accelerator thereto. In special cases, 
such as cold-setting polyester resins where 

65 uxe catalyst is active at room temperature. 



a non-catalysed composition may be initially 
formed for~storage and -shipping, and -the 
required catalyst may be added at a later 
stage just prior to moulding. 

After the polyester molding composition 70 
has been formed, it may be introduced into 
a mould and be moulded and cured therein 
in a conventional way to~ form massive or 
hollow articles. The fire-retardant additives 
are then inte^ted completely in the mass of 75 
polyester resm constituting such articles. 

As an alternative to the moulding tech- 
nique, the moulding composition may be 
laminated with one or more layers of glass 
fiber reinforcement and cured to form a 80 
fire-retardant laminate. 

Another possibility is to form sandwiches 
having a core of foam plastics or honey- 
comb material or another suitable core 
material and skin sheets of fire-retardant 85 
glass-fiber-reinforced polyester resin formed 
from, a polyester moulding composition 
according to the invention. In that case, ii 
win^ be^advantageous to Jmpregnate ^ass 
fibers with the moulding composition in 90 
which the catalyst is only operative at ele- 
vated temperatures, then to apply the lesult- 
ing sheets of impregnated glass fibers to a 
core material and thereafter introducing the 
whole combination into a mould for curing 95 
by means of heat and pressure. 

The shaped articles produced from poly- 
ester moulding compositions according to 
the invention are suitably protected against 
fire and other forms of excessive heating 100 
owing to the combination of the three 
materials incorporated therein. Although the 
invention is not to be restricted by any 
theoretical explanation of the.fire-retaidant 
effect, it is assumed that the ji^osphate 105 
material decomposes first during excessive 
heating and liberates phosphoric acid, which 
reacts immediately with the carbon-contain- 
ing material to form a rather complex ester. 
The ester then decomposes to form a large 110 
volume of carbon, additional water, carbon 
dioxide and other non-inflammable gas. 
Phosphoric acid is recovered and this may 
commence further esterification with the 
carbon-contemmg material. Simultaneously 115 
with the ester decomposition, the material 
which yields a non-inflammable gas decom- 
poses and libemtes a large volume of non- 
inflammable gas. The result is a bubbling 
and boiling mass which develops multi- 120 
cellular foam forming a thick isolating layer 
and protecting the underlying portions of the 
article against further attack. 

The invention is of great advantage for 
polyester resin articles required to satisfy ^25 
high standards of security, e.g. aircraft parts, 
automobile parts, housing walls and plant 
walls. 

The following Examples of the invention 
arc given by way of illustration. 130 
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Example J 
A mixture was prepared fr<mi 415 grams 
of unsaturated chlorendic-acid-based poly- 
ester (Hetron 92, from Hooker Chemical; a 
5 polyester formed from dilorendic anhydride, 
maleic anhydride, and ethylene glycol)," 55 
grams of styrcnc, 90 grams of toluene, 13 
grams of tafcum powder (thixotropic agent), 
52 grams of dipentaerytritol. 288 grams of 

*0 Phos-Chek P 30 (a nitrogen-containing poly- 
mer phosphate, from Monsanto), 74 grams 
of melamines and 13 grams of CMorowax 
70 or Cerechlor 70 (Trade Marks for dilo- 
rmated naphthalene). The resulting non- 
catalysed polyester composition (100 grams) 
was a viscous ox>alescent product having an 
acid number of no more ihan 32 and was 
stable for at least six months at room tem- 
perature (20*Q. 

20 The composition was completed for 
moulding by mixing 100 parts of it by 
weight with 4 parts by weigjit of methyl 
ctiiyl ket<me peroxide catalyst (50%) and 
with no more than 2 parts by wei^t of 

25 cobalt octoate accelerator (1% cobalt in 
styrene). 

In a first experimwit, the catalyst and 
accelerator were added in combination to 
the whole composition and this resulted in 

30 a moulding composition having a pot life 
of 20 to 30 minutes at room temperature 
(for no more than 500 grams of composi- 
tion). In another ^peiiment, the catalyst 
and accelerator were each added to 50 parts 

35 by weight of the aforesaid composition and 
the two parts were then combined after- 
wajcds. In the latter case, the resulting com- 
position had a pot life of 8 hours at room 
temperature (for 100 kilograms). 

40 The moulding compositions of both ex- 
periments were laminated with one or moie 
layers of glass fiber reinforcement in such a 
way that the resulting laminates had a resin 
layer of no more than 400 g/m^ at one side, 

45 and thereupon the l^mnates were left to 
cure. After 4 hours at room temperature, 
the polyester leshi layer was free of tacki- 
ness in both cases althougji the curing 
operation lasted for at least 2 x 24 houis. 

50 One side of each of the resulting lami- 
nates was exposed to an open fire or to heat 
radiation sources having temperatures up to 
1400C, and they spontaneously formed a 
non-inflammable foam layer which isolated 

55 the remainder of each laminate against de- 
composition and combustion. Each foaming 
surface was uniform and closed and the 
foam mass was homogeneous. 

^ Example 2 

A non-catalysed polyester composition 
was prepared in a manner as described in 
Example 1. 
1-3% by weight of benzoyl-peioxide cata- 
65 lyst was then added to the composition and 



the resulting mixture was applied to a glass 
fiber mat (30% or-moie by weigjit of the 
composition). The_mat was then impreg- 
nated with the mixture by rolling. The im- 
pregnated mat was stored as a semirfinished 70 
article and was afterwards converted to a 
finished artide such as a sandwldi by 
applying it in ..the form of skin sheets to a 
<»re material,, introducing the combination 
into a mould, and curing it by heat and 75 
pressure. The resulting fini^ed article had 
the same fire retaidant characteristics as the 
laminate described in Exa^nple 1. 

WHAT WE C3.AIM IS: 80 

1. A polyester moulding composition . 
comprising an unsaturated polyester, an un- 
saturated monomer copolymerisabk there- 
with, a phosphate material which yields ' 
phosphoric acid on thermal decomposition, 85 
a carbon-containing material containing 
radii^s whidi enter into an esterification 
leaction with phosphoric acid, having a dcr 
composition temperature above that of the 
phosphate material, and which, when heated 90 
with the phosphate material, produces car-. ■ 
bon, and a material which yields a non- 
infianmiable gas when heated. 

2. A composition according to claim 1. \ 
wherein the carbon-containing material is 95 ' 
stardi, casein or a polyhydric alcohol. 

3. A composition according to dadm 2, 
wherein the carbon-containing material is - 
mono-, di- or pentaerythritol or a mixture 

of at least two thereof. 100 

4. A composition according to any of 
claims 1 to 3, wherem the phosphate 
material is ammonium orthophosphate, 
melamine phosphate, polyphosphoryl phos- 
phate, or a water-insoluble nitrogen-contain- 105 
ing polymer phosphate. 

5. A composition according to any of - - ^ . 
clanns 1 to 4. wherein the material which- 
yields a non-mflammable gas comprises two ' ■ 
substances having different decomposition 110 
temperatures. 

6. A composition according to claim 5, 
wherein the substance of low decomposition 
temperature is an amine or amide. 

7. A composition according to claim 6. 115 
wherem the substance of low decomposi- 
tion temperature is dic^ranodiamide, urea, 
melamine or guanidine. 

8. A composition according to claim 5, 
wherem the substance of high deoomposi- 120 
tion temperature is a chlorinated hydro- 
carbon. 

9. A composition according to claim 8 
wherein the chlorinated hydrocarbon is 
chlorinated naphthalene. 125 

10. A polyester composition substan- 
tially as herein described in either of the 
Samples. 

^ 11. Articles consisting partially or com- 
pletely of a resin material fonned by curing 130 - 
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a polyester composition according to any 

of claims 1 to. 10. 

12. J A laminate comprising one or more 
layers of glass fiber reinforcement and one 
5 or more layers of a, resin composition 
fonncd by curing a polyester composition 
according to any of claims 1 to 10. 
"^^13. A sheet Lof.gjass .fibers impregnated 
with a polyester composition acoordSng to 
10 any of claims 1 to 10. 

14. , A laminate compiismg a core and 
skin sheets , adhering; .thereto comprising 
impregnate ^ass fiber sheets according to 



clahn 13 in which the polyester composition 

is cured. . ; 15 

15. Articles according to daim 12 sub- 
stantially as herein described in either of 
the Examples. 

A. A. THORNTON & CO.. 

Chartered- Patent Agents. 

Northumberland House. 
303/306 High Holbom. 
London. W.Cl. 
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